INTRODUCTION
============

Lung cancer is one of the most important health problems worldwide, due to its high incidence, poor prognosis, high fatality rate, and the high burden it imposes on society \[[@b1-jpmph-52-2-140]-[@b3-jpmph-52-2-140]\]. Lung cancer is classified as small cell carcinoma (SCLC) and non-small cell carcinoma (NSCLC). The latter type is classified into squamous cell carcinoma, adenocarcinoma, and giant cell carcinoma \[[@b1-jpmph-52-2-140],[@b4-jpmph-52-2-140]-[@b7-jpmph-52-2-140]\].

The survival of patients with lung cancer is one of the main indicators used to assess cancer control programs \[[@b1-jpmph-52-2-140]\]. Few studies have investigated the survival of lung cancer patients in developing countries, but this has emerged as a topic of interest in recent years because of the short survival time of these patients. Generally, regression models are applied to detect factors related to lung cancer survival, with options including Cox, Weibull, exponential, and Gompertz regression models. This study aimed to determine which model would best fit the survival data of patients with lung cancer and to identify the factors most strongly associated with survival.

METHODS
=======

This retrospective cohort study was carried out among patients suffering from lung cancer referred to the Tooba Clinic in Sari, the capital city of Mazandaran Province, Iran. All patients recruited for the study and their required information were registered with the Comprehensive Research Center for Cancer at Mazandaran University of Medical Sciences (ethical approval No. 1689). Informed consent was provided by each patient before entering the study.

All information necessary for this study, including the date of diagnosis, sex, age, type of cancer, and survival, was obtained from the database. No more information was obtained or used in the analyses, despite phone follow-up of patients' family members. In addition, since tumor, node and metastasis stage information was only recorded for 41 patients, it was not applied in the models.

The date of diagnosis was considered as the time of entry. To determine patients' up-to-date survival information, all patients were traced using their addresses and phone numbers. Each death after the date of diagnosis was considered as an event, and the date of death was considered as the event time. The follow-up time was considered to extend to the date when the most recent information was collected. If a patient's survival status could not be determined, he or she was considered to have missing records. Moreover, patients were right-censored if they did not experience the event of interest through the end of the follow-up period.

The mean age of patients was compared between the patients who died and those who survived using the t-test, since the data were normally distributed. A Kaplan-Meier table was used to illustrate patients' survival. The median survival time was compared by sex and type of lung cancer using the log-rank test.

To select the best model for determining the factors associated with patients' survival, 4 regression models were set up, including Cox, Weibull, exponential and Gompertz models, and the highest fitness was detected based on which model yielded the lowest values of the Akaike information criterion (AIC) and the Bayesian information criterion (BIC). Before applying these models, the proportional hazard assumption (equality of the risk of event during the time in the study variables) was tested using graphical and Schoenfeld residuals goodness-of-fit analysis. In addition, the constant hazard assumption during the time period of the study was assessed in order to apply the Weibull and exponential models. After conducting univariate analyses, multivariate models were applied to identify factors predictive of survival through measurements of hazard ratios (HRs) with 95% confidence intervals (CIs). All statistical tests were 2-sided, and p-values less than 0.05 were considered to indicate statistical significance. Stata version 14 (StataCorp., College Station, TX, USA) was used for data analysis.

RESULTS
=======

We investigated the survival of 102 patients with lung cancer, of whom 74.5% were male. The mean±standard deviation age of the patients was 62.9±12.9 years (range, 28.0 to 84.0), and the average age of males and females was 63.2±13.1 years and 62.1±12.8 years, respectively (*p*=0.71).

The patients had been diagnosed between 2008 and 2014. The follow-up time was 2108.3 person-months. During this period, 82 (80.4%) patients died. The incidence rate (95% CI) of death was estimated as 3.9 (3.1 to 4.8) per 100 person-months. The cumulative survival proportion at the end of the first, second, third fifth, sixth, seventh, and eighth years was 57%, 34%, 29%, 17%, 17%, 14%, 9%, and 9%, respectively. Moreover, the 5-year survival rate of males, females, NSCLC cases, and SCLC cases was 13%, 29%, 21%, and 0%, respectively. The median (interquartile range \[IQR\]) survival time of all patients, males, and females was 13 (6 to 39) months, 12 (6 to 28) months, and 16 (7 to 60) months, respectively (*p*=0.04).

Eighty-one (79.4%) of the patients had NSCLC and 21 (20.6%) had SCLC. The median (IQR) survival period for these 2 groups was 16 (8 to 47) months and 6 (6 to 12) months, respectively (*p*=0.001).

The proportional hazard assumption showed no difference in the risk of death between the study groups such as sex (*p*= 0.47), age (*p*=0.74), and type of cancer (*p*=0.89), making a Cox regression model suitable. The constant hazard assumption was also met (*p*=0.31) for applying the exponential, Weibull, and Gompertz models. The AIC, BIC, and likelihood ratio were 201.9, 208.8, and 8.8, respectively, for the Cox regression model; 122.7, 133.0, and 14.2, respectively, for the Weibull regression model; 121.7, 130.3, and 13.2, respectively, for the exponential regression model; and 123.6, 133.9, and 11.6, respectively, for the Gompertz model. The lowest values of the AIC and BIC and the highest likelihood ratio were found for the exponential model. Therefore, this model was applied to determine the factors associated with survival.

Univariate analysis showed that with each 1-year increase in age, the hazard of death increased by about 3% (*p*=0.002). Moreover, risk of death in females was 48% lower than that in males (*p*=0.011). SCLC cases had a 2.59-fold greater risk of death than NSCLC cases (p\<0.001). These associations were also statistically significant according to the multivariate models ([Table 1](#t1-jpmph-52-2-140){ref-type="table"}).

DISCUSSION
==========

In this study, we assessed the precision of 4 regression models in determining the survival of patients with lung cancer and identifying factors related to survival. Ultimately, the exponential model was chosen to detect these factors. The mean survival time for all patients, males, and females was estimated as 12.7 months, 12.0 months, and 16.0 months, respectively. The corresponding figures for NSCLC and SCLC cases were 16.0 months and 6.0 months, respectively.

Our multivariate models controlling for the potential confounders, showed a 3% increase in the death rate per each 1-year age increase. In addition, the risk of death was 44% lower in females than in males, while the risk of death was 2.91-fold higher in SCLC cases than in NSCLC cases.

The 5-year survival rate of our patients was lower than that of Chinese patients, but was higher than the rates estimated in studies conducted in Spain, Sweden, and France. In addition, the median survival time of patients in the current study was higher than those reported from West Azerbaijan and Yazd Provinces (Iran), Spain, Australia, and France. The higher rates of death among males, SCLC cases, and older patients are in accordance with the studies listed in [Table 2](#t2-jpmph-52-2-140){ref-type="table"} \[[@b1-jpmph-52-2-140],[@b6-jpmph-52-2-140],[@b8-jpmph-52-2-140]-[@b13-jpmph-52-2-140]\], but are in contrast to those observed in the study conducted in Azerbaijan Province. However, the difference is not considerable.

In a study conducted in Sweden, the 5-year survival rate among males and females was 11.5% and 20.1%, respectively, which is higher than the estimates of the current study. However, the median survival time among NSCLC cases (16.5 months) and SCLC cases (7.5 months) was similar to our results \[[@b9-jpmph-52-2-140]\].

A reason for discrepancies between our findings and those of other studies may be the exclusion of 127 cases with lung cancer from the current study due to their unknown survival status. These patients probably had poorer survival outcomes than those included in the study. Another explanation may be related to differences in when these studies were conducted. It seems that the survival of lung cancer patients is improving. Other factors that could be responsible for different results across studies include variation in the type of treatment, stage of disease, tumor grade, socioeconomic status, comorbidities, and cigarette smoking. However, insufficient evidence is available to prove that such factors are major sources of variation.

Unfortunately, we were not able to assess associations between survival and factors such as tumor size, comorbidities, smoking status, stage and grade of the tumor, body mass index, job status, location of the tumor, and treatment type. This is a limitation of the current study that should be addressed in future research.

In conclusion, our study showed that the exponential regression model was the most precise model for assessing the survival of patients with lung cancer and for identifying factors related to mortality. This model also showed that sex, age, and type of lung were predictors of survival.

**CONFLICT OF INTEREST**

The authors have no conflicts of interest associated with the material presented in this paper.

The authors would like to thank to the research deputy and Gastrointestinal Cancer Research Center of the Mazandaran University of Medical Science.

###### 

Univariate and multivariate exponential regression model of factors associated with death among patients with lung cancer

  Variables             Univariate exponential regression   Multivariate exponential regression                       
  --------------------- ----------------------------------- ------------------------------------- ------------------- ---------
  Age                   1.03 (1.01, 1.05)                   0.002                                 1.03 (1.01, 1.05)   \<0.001
  Sex                   0.52 (0.31, 0.86)                   0.011                                 0.56 (0.33, 0.93)   0.025
  Type of lung cancer   2.59 (1.55, 4.33)                   \<0.001                               2.91 (1.71, 4.95)   \<0.001

HR, hazard ratio; CI, confidence interval.

###### 

Comparison of survival rates and related factors across other studies

  Authors \[Ref\]                            Area of study   Publication year   Median survival time (mo)   Five-year overall survival rate (%)   HR (95% CI)              Type of model used                                              
  ------------------------------------------ --------------- ------------------ --------------------------- ------------------------------------- ------------------------ ------------------------------- ------------------------------- ----------------
  Abazari et al. \[[@b1-jpmph-52-2-140]\]    Iran            2015               4.8                         \-                                    M/F: 1.14 (0.85, 1.54)   60-70/\<60: 1.37 (1.02, 1.83)   SCLC/NSCLC: 1.04 (0.66, 1.66)   Cox regression
  Zhang et al. \[[@b6-jpmph-52-2-140]\]      China           2017               \-                          35.2                                  \-                       \-                              \-                              \-
  Prim et al. \[[@b8-jpmph-52-2-140]\]       Spain           2010               11.1                        8.9                                   \-                       \-                              \-                              \-
  Svensson et al. \[[@b9-jpmph-52-2-140]\]   Sweden          2013               \-                          13.6                                  M/F: 1.21 (1.06, 1.37)   60-69/\<60:1.07 (0.89, 1.30)    \-                              Cox regression
  Biswas et al. \[[@b10-jpmph-52-2-140]\]    USA             2014               \-                          \-                                    M/F: 1.10 (1.01, 1.10)   51-70/25-50:1.40 (1.20, 1.80)   \-                              Cox regression
  Ball et al. \[[@b11-jpmph-52-2-140]\]      Australia       2013               6.1                         \-                                    \-                       \-                              \-                              \-
  Zahir et al. \[[@b12-jpmph-52-2-140]\]     Iran            2012               8.5                         \-                                    \-                       \-                              \-                              \-
  Grivaux et al. \[[@b13-jpmph-52-2-140]\]   France          2009               7.0                         10.4                                  \-                       \-                              \-                              \-

HR, hazard ratio; CI, confidence interval; SCLC, small cell lung carcinoma; NSCLC, non-small cell lung carcinoma; M, male; F, female.
